Elderly patients account for 20% of all outpatient physician encounters (Reuben, Fink, Vivell, Hirsch, & Beck, 1990) , and almost 50% of those visits are to family physicians (Vernon & Worthington, 1992) . In coming years, the proportion of office visits by older people will increase rapidly due to the growth of the elderly population and the high rate at which the elderly utilize health care resources.
Although an increasing number of medical education programs have included geriatric components in recent years, the integration of geriatrics content into residency training programs is often inadequate (Reuben et al., 1990) . Furthermore, it is not clear that physicians are, or perceive themselves to be, adequately prepared to treat an aging patient population (Blumberg & Macpherson, 1992; Droge & Billig, 1992) . Several factors suggest that preparation is not optimal: (a) recent studies indicate low preferences for working with elderly patients by medical students and/or physicians (Smith & Wattis, 1989) ; (b) criticism continues to be directed at the inadequacy of medical education in geriatrics -or, at least, to the low priority given to geriatric components (Reuben et al., 1990 ; American Geriatrics Society [ACS], 1991); and (c) medical professionals frequently do not earn high scores on general tests of knowledge about aging (Intrieri, Kelly, Brown, & Castilla, 1993) .
Of more specific interest is physicians' knowledge about issues related to the clinical, diagnosis and management of aging patients, and about aspects of normal human aging (ACS, 1991) . Knowledge about both should be an important factor in determining
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the course of care that physicians prescribe for elderly patients. This research is based on a method first used by Coe and Brehm (1972) in a survey of U.S. physicians in which subjects were asked to classify signs or conditions frequently observed in older patients into two categories based on whether they result from (a) normal aging processes or (b) disease-related processes. In conducting this research we were interested in (1) developing an up-to-date instrument which could be used to assess such knowledge; (2) measuring an overall knowledge-of-aging score; (3) measuring ability to correctly classify normal aging and disease processes in the elderly; and (4) measuring the relationship between knowledge scores and (a) basic demographic factors (e.g., gender, residency year), (b) geriatric experiences (e.g., geriatric rotation, number of elderly patients), and (c) perceived attitudes about geriatrics education. Of particular interest was whether geriatric experiences had an impact on knowledge.
Methods

Subjects
Questionnaires were distributed to family practice residents at the three campuses of the University of Alabama School of Medicine (UASOM), to directors of residency programs affiliated with the University of South Alabama (USA) College of Medicine, and with Pennsylvania State University School of Medicine. A total of 65 questionnaires was returned. Respondents represented in the final analyses came from the following programs: 3 from UASOM, Bir
Questionnaire
The instrument used to assess knowledge about normal and disease conditions was modeled after a 40-item instrument developed by Dye and Sassenrath (1979) . For our study, a number of modifications were made: (a) items were updated or deleted to be more consistent with current knowledge, (b) the distinction between functional and physiological items was eliminated, and (c) items were added to replace those deleted. In addition, a number of items were added in anticipation that some items would be eliminated in the process of validating the instrument.
Instrument development consisted of two phases:
(a) The four investigators (one geriatrician/ internist and one geriatrician/family practitioner, one gerontologist and one epidemiologist) reviewed the existing instrument and served as an internal panel of developers and judges. Items were retained, deleted, modified, or added, resulting in a 55-item pool. (b) Apreliminary instrument consisting of these 55 items was later reviewed by a panel of nine primary care physicians to assess the face validity of the items on the scale. As a result of this review, two items, one related to normal aging and one to pathology, were omitted.
This article reports the results obtained using the 53-item instrument (25 items on normal aging, 28 on pathology in aging). The questionnaire included additional items to assess demographic, experiential, and attitudinal characteristics of the sample. Internal consistency of the resultant instrument was acceptable [Cronbach's alphas = .87 (normal aging), .85 (pathology in aging), .80 (overall)].
Instructions
Instruments were distributed to the directors of the residency training programs described earlier.
Residents were requested to complete the instruments independently. They were advised that participation was voluntary, and responses would be anonymous. Assurances were provided that no attempt would be made to identify individual respondents and that responses would in no way affect their evaluations by their preceptors, attending physicians, or faculty.
Analyses
Frequencies are reported for demographic and medical education variables. In the knowledge tests, only correct responses are counted. Missing responses are treated as incorrect. T-tests and one-way analyses of variance are used to examine differences in knowledge between specified groups based on various variables.
Results
As shown in Table 1 , over two-thirds of the sample was male, and the median age was 29. Eight respondents were age 35 or over, and one was younger than 26. Almost half were in their first year of residency training. Over two-thirds reported that they had not completed a formal rotation in geriatrics. Among those having completed such a rotation, the most common length reported was four weeks. Two-thirds of residents indicated that they expected to enter a traditional primary care solo practice or partnership.
Residents were asked both about the number of nursing home patients and total elderly patients actively followed at the time they were sampled. Table  2 indicates that a large majority of residents were actively following elderly patients. Seventy-five percent were seeing at least one nursing home patient, but only 15% were following three or more. The residents were much more likely to be attending to elderly patients in other settings, because most reported that they were following 10-20 aged patients. Seven residents were following 26 or more. However, these results may be misleading, because 19 residents failed to provide an estimate of the number of older patients in their caseload.
Contrary to some expectations, general attitudes toward the elderly, as reported by the residents, did not deteriorate or become more negative through the residency experience. Over one-third of respondents reported that their attitudes became more positive, while over half reported no change. Most respondents perceived that the faculty related to elderly patients in much the same manner as to younger patients. There did not appear to be any bias in the treatment of patients based on age. Half the residents viewed problems of the elderly as adequately addressed; 19% reported they were not. Table 3 displays the average number and percent correct responses to items related to normal aging ("normal aging"), items related to disease conditions ("disease states"), and total items in scale ("overall"). The average scores for the normal and overall scales represented less than 75% of the items correct, indicating that knowledge deficits about aging do exist among these residents. Residents were better able to identify items associated with diseases of the elderly (mean score = 22.4, representing 80% of the items correct). The correlation between scores on normal aging and disease state items was small (r = .22). Table 4 provides percentages correctly responding to each item. Knowledge was better for diseaserelated than for normal aging items. The most frequently misclassified condition, decreased proprioception, was correctly classified as normal by only 35% of residents. In contrast, decubitus ulcers, a pathological condition, was the most frequent correct classification (97% of respondents).
Differences in knowledge levels between normal aging and pathology are also suggested by a comparison of frequently missed items. Eight items were misclassified by 40% or more of respondents (high (Table 5 ). Of those, only two were signs or conditions associated with disease. In contrast, five items related to pathology, as compared to no items related to normal aging, were correctly classified by 90% of respondents (low error rate in Table 5 ). Table 6 displays knowledge scores that were significantly different among groups, as well as scores considered by the researchers a priori as most likely to show differences. Only two of the independent Note: High error rate = at least 40% of residents incorrectly identified a condition; low error rate = fewer than 10% of residents incorrectly identified condition. .
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variables had a significant effect on scores. Residents who had a higher number of elderly patients did score significantly higher than those with fewer patients on the normal aging items (F = 4.0; p = .02) but those with many elderly patients performed worse on the disease states items (F = 4.7; p = .01).
Residents who planned to enter a solo or partnership practice did score significantly higher both on the overall quiz (t = 2.4; p = .02) and on the disease states quiz (t = 2.5; p = .01). Neither the number of nursing home patients nor the perceived adequacy of geriatrics training was related to disease or normal aging knowledge. Although students who had a formal rotation in geriatrics tended to have higher overall knowledge scores (mean = 40.4) than those with no such rotation (mean = 38.5), the difference was not significant (p = .28). Some findings were not anticipated. Having faculty with more positive attitudes toward aging patients than toward patients in other age groups was significantly negatively related to residents' overall knowledge of aging (t = 2.3; p < .02). Although not significantly different, third-year residents had lower scores on the disease states quiz (mean = 19.7) than either first-year or second-year residents (mean = 22.7 and 23.3, respectively); but they had slightly higher scores on normal aging items than did residents in their first two years.
Discussion
Substantial knowledge deficits about the aging process were observed among residents responding to this survey. Overall, residents answered about 75% of the items correctly. Despite increased inclusion of geriatric content in medical school curricula, this result suggests that medical education may not have greatly improved levels of knowledge. Some residents are not taking advantage of available training in geriatrics, although in this sample the geriatrics rotation was probably not available before the second year of the residency program.
The evidence regarding the efficacy of geriatrics training in improving aging knowledge is, however, mixed. Among residents at the UASOM, though not among residents at Penn State or South Alabama, residents who had completed a geriatrics rotation scored significantly higher than those who had no such rotation (data not shown). Geriatrics rotations, therefore, may be a valuable though not sufficient condition for improving aging knowledge.
The family practice residents in this study were better able to identify physical signs and conditions associated with diseases than those reflecting normal aging processes. A larger knowledge deficit for normal aging items also was observed by Coe and Brehm (1972) and by Dye and Sassenrath (1979) . It is not entirely clear that these scores reflect genuine differences, for a number of reasons related to the construction of the instrument. Some words used to describe physical signs and conditions virtually identify the aging condition as pathological. These include terms such as "edema," "decubitus ulcer," "fracture," "prolapse," etc. Items associated with such items were (correctly) associated with disease at a high rate. The investigators sometimes assigned numerical values to items in order to avoid confusion (e.g., hemoglobin < 11; post void residual > 100 cc; sed rate = 40; albumin > 3). In every case the correct classification was "disease," and most of these items were correctly classified. It appears that while issues of ambiguity were successfully avoided, clues may inadvertently have been given about correct responses. In retrospect, a better approach may have been to phrase such items to eliminate the numerical value (e.g., "lower range of normal hemoglobin values") or to have provided some normal numerical values.
On the other hand, the direction of results found here is consistent with the two other studies (Coe & Brehm, 1972; Dye & Sassenrath, 1979) . This may be due to the fact that medical education is more oriented toward identifying, diagnosing, and treating disease states than normal (healthy) states. Both in their undergraduate medical education and in their residencies, physicians are exposed to sick elderly patients in both acute and long-term care facilities. Many of these patients have multiple, usually chronic conditions which may tend to overshadow the less obvious normal aging changes. Because changes in hearing, eyesight, and balance often are not as life-threatening or as amenable to treatment as other symptoms, they are not a primary focus of medical education.
Each type of error investigated in this study is associated with treatment decisions. When a symptom of disease is incorrectly attributed to normal aging, physicians may fail to respond to the symptom promptly and aggressively. As a result, a treatable condition may deteriorate to a point where treatment is no longer as efficacious as it may have been earlier. On the other hand, if a normal age-related change is erroneously considered symptomatic of an underlying pathology, a physician may prescribe unnecessary tests or procedures in order to identify a nonexistent pathology or prescribe unnecessary medication to treat a nonexistent disease. The results of the current study suggest that overdiagnosis and overtreatment of older patients is a more likely outcome than underdiagnosis and undertreatment. Although errors in judgment are unlikely to result in failure to treat an ill patient, an incorrect diagnosis may cause emotional trauma, unnecessary procedures may be invasive, often causing discomfort or physical trauma, prescription drugs may have harmful side effects, and health care costs will be needlessly inflated.
The current study suggests a need for improved geriatric content in the medical education of family practice residents, particularly in recognizing symptoms associated with normal aging. Because geriatric patients are likely to constitute a large and increasing proportion of family physicians' patient panels, knowledge about normal aging is critical to providing optimal levels of care at reasonable costs. While improved medical education will clearly benefit patients, it also is in the physician's financial selfinterest. In a managed health care system where profits are driven by prevention and cost-effective patient management rather than fee-for-service, medical education must incorporate information about healthy normal aging to avoid unnecessary procedures and their associated costs.
